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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1 .1 7(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 9/30/09 
has been entered. 

Response to Arguments 

Applicant's arguments filed 9/30/09 have been fully considered but they are not 
persuasive. 

As to Applicant's argument that, 

"It is Applicant's understanding that the Examiner is construing the prior art more 
broadly than Applicant and further not affording sufficient weight to previously presented 
remarks." 

The Examiner contests that this assertion is not supported by any evidence; thus, 
the assertion is considered a conclusory statement and, accordingly, is not given any 
weight. 

As to Applicant's statement that, 

"In the interests of resolving differences of interpretation, Applicant has made a 
clarifying amendment. In particular, Applicant has clarified aspects of the graphics 
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pipeline. Applicant has also clarified that the performance level is adjusted to be a 
minimum performance level to maintain the minimum display rate." 

The Examiner contests that at least Giemborek and Williams describe these 
aspects, as described in the rejections that follow. 

Claim Objections 

Claim 1 is objected to because of the following informalities: The second 
limitation starts, "increasing the performance level in response to detecting an over- 
utilization condition corresponding in order to increase the clock rate. . ." 

The Examiner assumes it should read, "increasing the performance level in 
response to detecting an over-utilization condition in order to increase the clock 
rate..." 

Claim 21 is objected to because of the following informalities: The first limitation 
starts, "monitoring... as a function of time a percentage of clock cycles at one or more 
stages are held up waiting for data inputs from upstream stages..." 

The Examiner assumes it should read something along the lines of, 
"monitoring... as a function of time a percentage of clock cycles at one or more stages 
that are held up waiting for data inputs from upstream stages..." 

Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 



Application/Control Number: 10/694,923 Page 4 

Art Unit: 2628 

invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1, 21, and 25 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Giemborek et al. (US 6,950,105) in view of Williams et al. (US 
6,397,343), and further in view of Oliver et al. (US 7,243,217). 

As to claim 1 , Giemborek describes a method of operating a graphics system 
having a sequence of at least two discrete performance levels with each performance 
level being defined by a core clock rate of a graphics processing unit and a memory 
clock rate, the method comprising: 

operating the graphics system at the core clock rate and memory clock rate 
associated with a selected performance level the corresponding clock rate being a 
minimum within supported clock rates to maintain the display rate within a normal range 
(column 1 lines 50-67 through column 2 lines 1-11 and Figure 1 describes graphics 
accelerator 10, which matches the speed of at least one of two or more clocks (e.g., 
engine clock 40 and memory clock 42) to levels (speeds) under software control to a 
rate sufficient to satisfy current display requirements. The graphics accelerator includes 
2D/3D engine 20, overlay engine 22, and frame buffer 16. Further, column 7 lines 50- 
67 through column 8 lines 1-27 describes increasing the clock speeds of the clocks 
within the graphics accelerator 10 if the system is currently over-utilized and decreasing 
the clock speeds of the clocks within the graphics accelerator 10 if the system is 
currently under-utilized. Finally, column 1 lines 50-65 describes that the clock speeds 
are set such that display rate remains in a normal range (i.e., graphics display 
performance is not sacrificed). Thus, Giemborek is considered to describe operating 
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the graphics system at the core clock rate and memory clock rate associated with a 
selected performance level the corresponding clock rate being a minimum within 
supported clock rates to maintain the display rate within a normal range). 

Giemborek doesn't describe monitoring utilization of a graphics pipeline, the 
graphics pipeline being in the graphics processor core clock domain such that the 
performance level affects the clock rate of the graphics pipeline, wherein the graphics 
pipeline has a set of stages in which graphics data is processed in a pipelined sequence 
through each subsequent stage in the graphics pipeline. 

However, Williams describes monitoring the utilization of a graphics pipeline, the 
graphics pipeline being in the graphics processor core clock domain such that the 
performance level of the graphics system affects the clock rate of the graphics pipeline, 
wherein the graphics pipeline has a set of stages in which graphics data is processed in 
a pipelined sequence through each subsequent stage in the graphics pipeline. 

Williams describes a method and system that includes a device for dynamic 
graphics subsystem clock adjustment within a computer system having a CPU and a 
dedicated graphics subsystem. A system interface is coupled to the graphics 
subsystem to allow a controller to determine the graphics processing load placed on the 
graphics subsystem (column 4 lines 11-31 and column 6 lines 33-50). Williams further 
describes that monitoring said at least one attribute (in this case the graphics 
processing load placed on the graphics subsystem) comprises: monitoring at least one 
attribute indicative of utilization of a graphics pipeline within a graphics processor core 
clock domain and determining whether the graphic pipeline is under-utilized or over- 
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utilized (column 6 lines 51-67, column 7 lines 1-20, and column 8 lines 11-22 describes 
that the device 100 determines the graphics subsystem load by monitoring the 
processing activity of graphics subsystem 200 via the pipeline control 206 (e.g., by 
snooping graphics commands and data flowing through a graphics pipeline to determine 
the activity level of the graphics pipeline) and adjusts the pipeline clock frequency 
accordingly), 

wherein the graphics pipeline has a set of stages in which graphics data is 
processed in a pipelined sequence through each subsequent stage in the graphics 
pipeline (FIG. 2A and 6:59-67 "The exemplary graphics subsystem 200 includes a 
geometry unit 205, a scan conversion unit 204, and a texture unit 203. Graphics 
instructions and associated data are received and dispatched across a graphics 
subsystem bus 201 . The graphics instructions and data are processed by the geometry 
unit 205, scan conversion unit 204, and texture unit 203, with a pipeline control 206 
coordinating their operation and timing." Further, 8:10-22 "In addition to detecting the 
graphics subsystem load by monitoring the processing activity of graphics subsystem 
200 via pipeline control 206 (e.g., by snooping graphics commands and data flowing 
through a graphics pipeline), it should be noted that device 100 can be configured to 
use additional inputs to determine graphics subsystem load."). 

All the above-described limitations of claim 1 are known in Giemborek and 
Williams, the only difference is the combination of old elements into a single system and 
method. 
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Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include in Giemborek the system and method of determining the 
processing load placed on a graphics subsystem by monitoring the level of activity of a 
graphics pipeline, and adjusting the frequency of the pipeline clock according to the 
determined load, the graphics pipeline being in the graphics processor core clock 
domain such that the performance level of the graphics system affects the clock rate of 
the graphics pipeline, wherein the graphics pipeline has a set of stages in which 
graphics data is processed in a pipelined sequence through each subsequent stage in 
the graphics pipeline, as taught by Williams, as this doesn't change the operation of the 
rest of the system, and it could be used to achieve the predictable results of improving 
the efficiency of the 2D/3D graphics engine disclosed in Giemborek by monitoring the 
pipeline activity within the graphics engine and determining a required clock rate to be 
passed to the engine based, in part, on the monitored activity. One advantage of 
passing the graphics engines a variable clock rate based at least in part on calculated 
activity within a pipeline within the engine is that the system can further reduce its power 
consumption and optimize its calculated clock rates by adding the activity of the pipeline 
to the list of factors that are used when determining the clock rates. 

Giemborek in view of Williams doesn't describe monitoring a graphics pipeline in 
a graphics processor core clock domain for which one or more stages of the graphics 
pipeline are held up waiting for data inputs from upstream stages of the graphics 
pipeline as an indicator of utilization and determining whether the graphic pipeline is 
under-utilized or over-utilized; and increasing the performance level in response to 
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detecting an over-utilization condition in order to increase the clock rate in the graphics 
processor core clock domain and decreasing the performance level in response to 
detecting and under-utilization condition to decrease the clock rate in the graphics 
processor core clock domain. 

However, Oliver describes a system and method including monitoring a 
percentage of clock cycles within a processor core clock domain for which one or more 
stages of a pipeline are held up waiting for data inputs from upstream stages of the 
pipeline as an indicator of utilization and determining whether the pipeline is under- 
utilized or over-utilized (4:65-5:15 "The present invention decouples the clock speed of 
integer unit 1 10 and FPU 120 using command and data queues (or reservation stations) 
in dispatch unit 123 and control logic in execution pipeline clock controller 205. 
Execution pipeline clock controller 205 set the clock speed of FPU execution pipeline 
124 as a function of the number and type of commands in the reservation stations in 
dispatch unit 123. This information is determined from Reservation Stations Full Levels 
status signals received from dispatch unit 123 and an Integer Pipe Stall Instruction 
signal received from issue unit 122. Execution pipeline clock controller 205 sets the 
speed of the Output Clock signal to a high rate (Fast mode) if the reservation stations 
are filling up, if integer unit 1 1 0 is stalled waiting for the result from FPU 1 20, or if the 
commands in the reservation stations require multiple cycles to execute." Further, 5:40- 
62 discloses "Execution pipeline clock controller 205 increases the Output Clock signal 
speed as the level rises in each reservation station or if an opcode indicates that integer 
unit 1 1 0 is waiting for a result from FPU 1 20 (process step 420). Execution pipeline 
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clock controller 205 also decreases the Output Clock signal speed as the level drops in 
each reservation station and if no queued opcode indicates that integer unit 1 10 is 
waiting for a result from FPU 120 (process step 425)." Thus, when the percentage of 
clock cycles within the processor core clock domain for which the integer unit stage of 
the pipeline is held up waiting for inputs from the upstream floating point unit stage is 
greater than zero and the floating point unit is being clocked at the slower speed this 
acts as an indicator in determining that the pipeline is over-utilized (at which point an 
opcode is sent to the floating point unit indicating that its clock speed should be 
increased), and when the percentage of clock cycles at one or more points within the 
processor core clock domain for which the integer unit stage of the pipeline is held up 
waiting for inputs from the upstream floating point unit stage is not greater than zero and 
the floating point unit is being clocked at the faster speed this acts as an indicator in 
determining that the pipeline is under-utilized (at which point the clock speed of the 
floating point unit is reduced). 

Further, increasing the clock rate of the floating point unit as needed is 
considered increasing the performance level in response to detecting an over-utilization 
condition in order to increase the clock rate in the processor core clock domain, and 
decreasing the clock rate of the floating point unit as needed is considered decreasing 
the performance level in response to detecting an under-utilization condition to 
decrease the clock rate in the processor core clock domain. 
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All the elements of claim 1 are known in Giemborek in view of Williams and 
further in view of Oliver, the only difference is the combination of known elements into a 
single system and method. 

Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include in Giemborek in view of Williams the system and method of 
monitoring a graphics pipeline in a graphics processor core clock domain for which one 
or more stages of a graphics pipeline are held up waiting for data inputs from upstream 
stages of the graphics pipeline as an indicator of utilization and determining whether the 
graphic pipeline is under-utilized or over-utilized; and increasing the performance level 
in response to detecting an over-utilization condition in order to increase the clock rate 
in the graphics processor core clock domain and decreasing the performance level in 
response to detecting an under-utilization condition to decrease the clock rate in the 
graphics processor core clock domain, as suggested by Oliver, in order to achieve the 
predictable result of improving the efficiency and power conservation of the 2D/3D 
graphics engine (disclosed in Giemborek) by monitoring the pipeline activity within the 
graphics engine and determining an appropriate clock rate. The advantage of an 
adjustable clock rate is it allows the pipeline to meet processing demands when the 
required processing load is high while also conserving power when the required 
processing load is low. 

Concerning claim 21, Giemborek describes a method of operating a graphics 
system having a sequence of at least two discrete performance levels where each 
performance level is defined by a core clock rate of a graphics processing unit and a 
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memory clock rate, the performance levels including a high performance level for 
processing complex three-dimensional graphical images and at least one lower power, 
lower performance level for processing less complex graphical images, the method 
comprising: 

operating the graphics system at the core clock rate and memory clock rate 
associated with the selected performance level, the selected performance level being a 
minimum performance level sufficient to maintain the display rate within the normal 
range (see the corresponding section in the rejection of claim 1). 

Giemborek doesn't describe but Williams describes monitoring the utilization of a 
single graphics pipeline in a graphics processor core clock domain, the single graphics 
pipeline having a set of stages in which graphics data is processed in a pipelined 
sequence through each subsequent stage in the graphics pipeline, the graphics pipeline 
being in the graphics processor core clock domain such that the performance level 
affects the clock rate of the graphics pipeline (see the corresponding section in the 
rejection of claim 1). 

See the rejection of claim 1 for rationale to combine Williams with Giemborek. 

Giemborek in view of Williams doesn't describe but Oliver describes monitoring a 
pipeline and detecting as a function of time a percentage of clock cycles that one or 
more stages are held up waiting for data inputs from upstream stages of the pipeline as 
an indicator of utilization and determining whether the pipeline is under-utilized or over- 
utilized (see the corresponding section in the rejection of claim 1); 
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in response to detecting a level of utilization greater than an over-utilization 
threshold for which a display rate of the graphics system is likely to be significantly 
decreased below a normal display rate, selecting a higher performance level to increase 
a clock rate in the graphics processor core clock domain (4:65-5:62, the variable speed 
clock applied to the floating point unit can easily be applied to one or more stages in a 
graphics processing pipeline (see 4:29-35), such as the graphics processing pipeline 
described in Williams. Thus, the combination is considered to suggest detecting a level 
of utilization greater than an over-utilization threshold for which a display rate of the 
graphics system is likely to be significantly decreased below a normal display rate); and 

in response to detecting a level of utilization below an under-utilization threshold, 
selecting a lower performance level to reduce the clock rate in the graphics processor 
core clock domain to reduce power required by the graphics system (4:65-5:62, the 
variable speed clock applied to the floating point unit can easily be applied to one or 
more stages in a graphics processing pipeline (see 4:29-35), such as the graphics 
processing pipeline described in Williams). 

See the rejection of claim 1 for rationale to combine Oliver with Giemborek and 
Williams. 

As to claim 25, Giemborek describes a graphics system, comprising: 
a graphics processor having a sequence of at least two discrete performance 
levels where each performance level is defined by a graphics processor core clock rate 
of a graphics processing unit and a memory clock rate (column 1 lines 50-67 through 
column 2 lines 1-1 1 and Figure 1 describes graphics accelerator 10, which matches the 
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speed of at least one of two or more clocks (e.g., engine clock 40 and memory clock 42) 
to levels (speeds) under software control to a rate sufficient to satisfy current display 
requirements. The graphics accelerator includes 2D/3D engine 20, overlay engine 22, 
and frame buffer 16); and 

a graphics memory coupled to said graphics processor by a graphics bus and 
operable at said memory clock rate (Figure 1 and column 2 lines 27-36 describes frame 
buffer memory 16); 

the graphics system operating at the core clock rate and memory clock rate 
associated with the performance level selected by the performance level controller, the 
selected performance level being a minimum performance level capable of maintaining 
the display rate within a normal range (column 1 lines 50-65 describes that the clock 
speeds are selected to ensure that the graphics display performance is not degraded). 

Giemborek doesn't describe but Williams describes a graphics processor having 
a graphics pipeline in a graphics processor core clock domain, the single graphics 
pipeline having a set of stages in which graphics data is processed in a pipelined 
sequence through each subsequent stage in the graphics pipeline, wherein the graphics 
processor monitors the utilization of a graphics pipeline, the graphics pipeline being in 
the graphics processor core clock domain such that the performance level affects the 
clock rate of the graphics pipeline (see the corresponding section in the rejection of 
claim 1). 

See the rejection of claim 1 for rationale to combine Williams with Giemborek. 
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Giemborek in view of Williams doesn't describe but Oliver describes a 
performance level controller, said performance level controller configured to monitor, as 
a function of time a percentage of clock cycles for which one or more stages of the 
pipeline are held up waiting for data inputs from upstream stages of the pipeline as an 
indicator of utilization and determining whether the pipeline is under-utilized or over- 
utilized (4:65-5:22 and 5:53-62 describes execution pipeline clock controller 205. Also 
see the corresponding section in the rejection of claim 1); and 

said performance level controller configured to increase said performance level 
to increase a clock rate in the processor core clock domain and to avoid over-utilization 
of said pipeline (5:53-56). 

said performance level controller configured to decrease said performance level 
from a high performance level to a lower performance level to decrease the clock rate in 
the processor core clock domain to avoid under-utilization of said pipeline (5:57-62). 

See the rejection of claim 1 for rationale to combine Oliver with Giemborek and 
Williams. 

Claims 28-30 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Giemborek et al. (US 6,950,105) in view of Williams et al. (US 6,397,343) in 
view of Oliver et al. (US 7,243,217), as applied to claims 1, 21, and 25 above, and 
further in view of Culbert et al. (US 6,820,209). 

As to claims 28-30, Giemborek describes a 2D/3D graphics engine that is 
capable of operating at different clock speeds (column 2 lines 42-67), where the 2D/3D 
graphics engine is operated at a speed that is determined based on factors that include 
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the software running on a host CPU, as well as display mode settings of the computer, 
such as screen resolution, pixel or color depth, and screen refresh rate (column 5 lines 
13-48). 

Giemborek in view of Williams and further in view of Oliver doesn't describe the 
method of claims 1 , 21 , or 25 wherein said at least two discrete performance levels 
include a low power two-dimensional graphics performance level, a standard two- 
dimensional graphics performance level, a low power three-dimensional graphics 
performance level, and a high performance three-dimensional graphics performance 
level. 

However, Culbert describes a system and method wherein at least two discrete 
performance levels include a low power two-dimensional graphics performance level, a 
standard two-dimensional graphics performance level, a low power three-dimensional 
graphics performance level, and a high performance three-dimensional graphics 
performance level (column 5 lines 46-67 through column 6 lines 1-43 describes a 
system that includes a 2D graphics engine 212 and a separate 3D graphics engine 214. 
The 2D and 3D graphics engines are only activated when the graphics controller needs 
to produce 2D or 3D graphics. Further, column 6 lines 44-67 through column 7 lines 1- 
16 describes that the graphics controller supplies a clock signal to the 2D engine and a 
second clock signal to the 3D engine. To reduce power consumption, the clock signal 
normally sent to the 2D engine is stopped when the 2D engine is not being utilized, and 
likewise the clock signal normally sent to the 3D engine is stopped when its processing 
resources are not being utilized. Thus, Culbert is considered to describe a low power 
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two-dimensional graphics performance level (when the 2D processor isn't being 
utilized), a standard two-dimensional graphics performance level (when the 2D 
processor is being utilized), a low-power three-dimensional graphics performance level 
(when the 3D processor isn't being utilized), and a high performance three-dimensional 
graphics performance level (when the 3D processor is being utilized)). 

All the elements of claims 28-30 are known in Giemborek, Williams, Oliver, and 
Culbert, the only difference is the combination of known elements into a single system 
and method. 

Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include in Giemborek in view of Williams and further in view of Oliver 
the system and method wherein said at least two discrete performance levels include a 
low power two-dimensional graphics performance level, a standard two-dimensional 
graphics performance level, a low power three-dimensional graphics performance level, 
and a high performance three-dimensional graphics performance level, as taught by 
Culbert, as a system and method wherein the 2D engine is separate from the 3D 
engine, and where each engine is separately controlled, could be used to achieve the 
predictable result of more effectively saving power, as when only the 2D or only the 3D 
engine is required for a particular operation, the other engine can be powered down, 
which doesn't degrade the performance of the system, and reduces power consumption 
even more than clocking the 2D and 3D engines up and down together (as described in 
Giemborek). 
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Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to DANIEL WASHBURN whose telephone number is 
(571 )272-5551 . The examiner can normally be reached on Monday through Friday 9:30 
a.m. to 6:00 p.m.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Ulka Chauhan can be reached on (571) 272-7782. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/DANIEL WASHBURN/ 
Examiner, Art Unit 2628 
12/14/09 



